This paper presents a conceptual model design for entity-level combat simulation to enhance model composability and reusability. For conceptual modeling, we first describe the following three problem situations: (1) joint design of logical/ physical modeling;
Introduction
Modeling and simulation (M&S) has been imbued with advantages, such as decision support and system improvement. 1 Accordingly, many M&S techniques 2 have matured to the point where they are useful in various applications, for example, in the fields of manufacturing, computing, socio-economics, and defense. 3 As with all M&S applications, the success of defense M&S relies on exactly determining the target system to be modeled and understanding several challenges that are all drawn from military experience.
In this study, our target system is an individual combat entity, for example, a submarine, a fighter, or a torpedo, for combat effectiveness analysis. 4 For successful M&S of the combat entity, we organize three motivated challenges as follows. Firstly, the combat entity needs to model both physical aspects for dynamic behaviors and logical aspects for decision-making. 5 In combat effectiveness analysis via M&S, it is important to consider both parts in a balanced way. 6, 7 In this study, we call this the joint design. Next, the combat entity model could be inevitably changed during overall M&S development. Several reasons for this are well known, 8 for example, changes in the real world or increased understanding of simulation. Here, we supplement a significant reason from the experimental standpoint. That is, no single scenario is likely to be sufficient to support a meaningful experiment. 9 The engagement scenario should evolve iteratively from its original situation to cover further situations or missions, which results in changes to the model itself and to its data. Finally, combat entity M&S entails collaborative work among different domain experts due to the requirement of complex knowledge. 10 This is because, in general, several experts develop different parts for a complex system in different development platforms or tools.
To achieve the above motivations, as the most fundamental and essential approach among overall M&S activities, we center our discussion on conceptual modeling. Conceptual modeling, which is a first step for M&S engineering, aims to understand a real-world target system before conducting detailed model design and implementation. There may be different views about the role of conceptual modeling between simulation and software communities, 11, 12 and many researchers have described how to undertake conceptual modeling. 13, 14 In this study, we regard our conceptual modeling as a process to abstract a simulation model from the real world 15 by focusing on what is to be modeled and not modeled rather than how to describe their behaviors in detail.
The aim of this study, therefore, is to suggest a conceptual model design for a combat entity. With regard to the above challenges, the following three concepts guide us: (1) which components the combat entity model consists of for the joint design; (2) how flexibly we cope with modification of the components; and (3) how several experts can collaborate effectively. To employ these concepts, we propose a generic representation of a combat entity model, that is, a two-dimensional (2D) model partition method. This method partitions the combat entity model conceptually, depending on the model scope horizontally and the level of detail vertically. The model scope is set to contain physical/logical parts and to distinguish them clearly; the level of detail allows different experts to perform their work while focusing on their respective realm.
Consequently, the proposed combat entity model contains several types of components, and they are interconnected through identified interfaces that facilitate flexible model compositions. Depending on the type of interface, we explain two types of model execution (or simulation) methods regarding how the proposed models simulate effectively; these are the integration and the interoperation methods. This guarantees that the proposed model can adapt any model design and implementation regardless of their system types or software platforms, which is a primary role of conceptual modeling.
During the last decade, Robinson 17 examined conceptual modeling; his well-organized research results strengthen the basics of our conceptual modeling. He proposed an outline of a framework for conceptual modeling: (1) to develop an understanding of the problem situation;
(2) to identify components of the conceptual model; and (3) to design the model. In this study, we develop our discussion in accordance with this framework.
To demonstrate the contributions of our proposed conceptual modeling, we performed simulations of iteratively developed engagement scenarios and we empirically measured and analyzed model composability and reusability, which have been longstanding goals within the M&S defense communities. 18 The successful execution of this study greatly advances model composability and reusability for a single scenario, as well as for iteratively evolved scenarios.
Furthermore, our conceptual modeling has practically contributed to developing other studies in our M&S team. It formed the foundation of the remaining modeling activities after conceptual modeling in engagement-level military simulation. For example, it offers an immediate practical application for the M&S development of entitylevel combat systems, including undeveloped combat entities. Also, as a case study, it was employed to validate M&S techniques, such as simulation-based optimization of hybrid systems and efficient simulation engine development.
This paper contains eight sections. Sections 2 and 3 describe how well the problem definition is structured and two types of elements for conceptual modeling. Section 4 explains our conceptual modeling for a combat entity and Section 5 explains the contribution regarding system of systems (SoS) engineering. Section 6 illustrates the case study and its measurement-composability and reusability, and Section 7 discusses our work synthetically. Finally, Section 8 concludes the study and proposes future extensions for a more complete solution.
Problem description
An individual combat entity, for example, a warship, a submarine, or a fighter, performs several phased procedures, or logics, during engagement. Let us explain an engagement situation-namely, a submarine versus a warship. We assume that the submarine's goal is to hit the target (the warship in this example) with an offensive weapon, such as a torpedo. For achievement of the goal, the submarine estimates the projected course of the warship, fires the torpedo based on combat rules, and guides it, if necessary. Thus, the goal could be a composite concept that is achieved through performing several logics. Figure 1 (a) shows the following four types of logics for the above example: how to approach the target to estimate the expected path of the warship (Logic 1 ); what type of weapons to launch against the target (Logic 2 ); how to decide the preset engagement rule for the weapon (Logic 3 ); and how to guide the weapon (Logic 4 ). In this study, we regard these logics as combat logic (CL) factors.
Next, we move our focus to another factor. In fact, the fulfillment of the goal cannot be achieved with only CL factors; it requires not only the CL factors but also physical capabilities, such as moving or sensing, illustrated in Figure 1 (b). Accordingly, the tactical mission is realized through interactions with CL factors and physical capabilities. For example, Logic 3 in Figure 1 (a) should be accomplished effectively with influence from (1) the movement that is turned up by the dynamic result of the logic and (2) detection information that helps the combat entity to understand what is happening nearby on the battlefield. In this regard, we consider these physical capabilities as battle function (BF) factors. Thus, most entity-level combat M&S prominently features the existence, interactions, and utilizations of the CL and the BF factors of the combat entity. 4 As mentioned earlier, in this study, we designate the mutual consideration of CL and BF factors as the joint design. Because the joint design of the combat entity satisfies the first challenge, as summarized in the introduction, it is the starting point for our conceptual modeling.
Components of conceptual modeling
With the joint design, we formulate the overall system, including the target system, that is, the combat entity system, in a simulation model. Figure 2 , which is based on Seo et al.'s study, 19 shows the overall simulation model for an entity-level combat system. In a hierarchical fashion, the simulation model consists of the following several component models: two or more combat entity models; a damage assessment model for the engagement evaluation; and a battlefield space model to reflect the environmental effects. Among these, our concern is the combat entity model, which is shown in shaded boxes in Figure 2 .
We are ready to abstract the combat entity model for conceptual modeling. For adequate abstraction, the following two prerequisites are considered for conceptual modeling: transparency and constructive simplicity. 8 Transparency is an attribute of the client that shows how well he/she understands the model, while constructive simplicity is an attribute of the model itself. 20 Therefore, a modeler must not only consider constructive simplicity but also transparency in designing a conceptual model. In the following section, we examine these overriding concerns and explain how we ingrain them into our conceptual modeling.
Transparency
Because transparency is an attribute of a client (a domain expert in this study), a shared understanding of the realworld context and model design between the domain expert and a modeler is important. Like many other communities, the military community has developed its own terms, semantics, and taxonomy. 21 Therefore, to obtain greater transparency, we begin our arguments with semantics in the military. Table 1 shows three types of the semantics required for a combat entity to achieve a tactical mission, that is, a goal in a battlefield in which a few combat entities are engaged.
The semantics in Table 1 are hierarchical and depend on the level of detail of the tactical mission. To be specific, the uppermost concept for the combat entity to accomplish the mission is referred to as a tactic. For example, attacking a hostile warship with a weapon in anti-warship warfare or laying a mine within the operating area is within this level. Fundamentally, the tactic cannot be performed as a single activity, but it rather must be composed of a set of activities-namely, tasks. In other words, during a tactical operation, the combat entity conducts several tasks intended to accomplish the tactic. In Table 1 , the submarine for anti-warship warfare accomplishes several tasks, for example, Reconnaissance, Identification, Approach, and Attack (the logics in Figure 1 become tasks).
Finally, how the tasks are crystallized remains. We address this by introducing a supplementary concept, that is, an action. The action puts the corresponding task into a dynamic context. That is, the execution result of the task is determined by the action. How to hold targets in risk for the Reconnaissance task is realized in the action level. In summary, the tactic is the composite concept for the combat entity to achieve the tactical mission. To concretely describe the tactic, two semantics are required: the task focuses on what the tactic is composed of and the action describes how the tactic is materialized. The North Atlantic Treaty Organization (NATO) defines these tasks and actions as vignettes, which are small scenarios with which to explore a particular topic. 22 Thus, for conceptual modeling, we project these semantics onto a simulation context that needs the hierarchy of concepts. When considering the semantics, it is helpful to remember that the semantics itself is with a model. Figure 3 shows an engagement example, that is, antiwarship warfare, for clear understanding of the above explanation. The submarine's tactic in the real world comprises the sequential and concurrent execution of the tasks. For example, the submarine detects some threats on a scout (Reconnaissance). When the submarine detects a threat, it stays in contact with the threat to identify whether it is a target (Contact & Identification). If the threat is regarded as a target, the platform approaches to within the scope of striking distance (Approach). When the target is within the scope, the platform fires and guides its weapons (Combat) and, finally, it makes a detour operation (Detour). Similar to the submarine, the warship and the torpedo in the engagement fulfill their own tactic that includes several tasks. For the next step, the materialization of each task is determined by appropriate actions. In Figure 3 , how to effectively approach the target for estimating its trajectory (an action for 
Semantics Description Examples
Tactic How best to deploy and employ the force on an engagement; composite concept implemented as one or more specific tasks
Torpedo attacks on hostile warship in naval underwater warfare (e.g., anti-warship warfare)
Task
One or more specific activities to achieve a tactical mission A submarine commander need a means to obtain Reconnaissance, Identification, Approach, and Attack Action Detailed behavior to perform a specific task How to hold targets at risk for Identification; how to approach the target for Approach; how to launch weapons against hostile warship for Attack Approach) can be realized from point-lead-point, pointlead-lag, or point-lag-lead moves.
Constructive simplification
Constructive simplification is closely associated with the joint design of the CL and the BF components, which is a major premise of our conceptual modeling. Thus, we describe these two components for constructive simplification in detail.
The combat logic component.
As the reader might expect, the semantics described in the previous section are relevant to the CL component; thus, we explain the CL component in accordance with the semantics. Figure 4 shows the hierarchical classification of the CL component. Common factors of the CL component consist of three operations, that is, deployment, employment, and return. These common factors behave differently depending on the given tactical mission, for example, anti-torpedo warfare, anti-submarine warfare, or special warfare. With regard to the particular tactical mission, we categorize the CL component with the following three hierarchical phases: a flow of the tasks, an action, and a parameter.
The first phase, the flow of the tasks, is implied by a task's transition graph. In this graph, each node corresponds to a task; the arcs represent the task's transitions, and the course determines the order of tasks for a composite tactical mission. The execution of the node is determined by the second phase, an action. Thus, detailed behaviors for the tasks are fulfilled in these phases. For example, setting up concrete maneuvering to secretly approach the target and launching target-guided missiles or anti-radiation missiles are drawn from appropriate actions. Finally, the quantitative value for solving the action, such as a turning radius, a segment period, an operating time, or a launch direction, is classified as a parameter. The parameter is generally obtained from the input scenario of simulation experimentation.
The grounds for this categorization in Figure 4 are mainly two-fold, in (1) the level of detail and (2) the time of acquisition and the frequency of modification. Concretely, the tasks' flow shows more abstraction and less detail than the action and the parameter. This is determined at the beginning of M&S development and provides the foundation of overall modeling. Thus, the tasks' flow is rarely changed during development. However, actions and parameters represent less abstraction but more concretization. Because the variety of the tactics is realized by actions and parameters, they could be altered frequently, leaving the tasks' flow unchanged. This forms the foundation of minimizing the additional modeling effort for incrementally developed scenarios. For these reasons, the proposed categorization of the CL component guarantees flexibility, which allows partial modification of the CL component as opposed to whole redesign.
The battlefield function component.
Because the combat entity is a physical object in the real world, the tactical mission is subject to certain physical data, and the result of the mission is generally shown by the physical and dynamic changes. In this section, we examine how the BF Figure 5 shows the input and output-that is, the cause and effect, which are consistently necessary for the tactical operation. The input and output are shown by circles and include several separate sectors. White sectors indicate external interaction between different combat entities, while graded sectors indicate internal interrelations within the combat entity; thus, the BF component is associated with the graded sectors (roman numerals in brackets, that is, I, II, III, and IV, denote information flow in a regular sequence).
For the tactical operation, the combat entity should preferentially require perception of the battlefield (I in Figure 5 ), for example, reports of what it observes, such as the location data of entities. The reports are acquired from detection equipment, such as radar or sonar systems. With this perception, the CL component operates the tactic, and the result of the operation affects some physical systems, for example, sensing on/off for the sensor system (II) or accelerating to the target point for the maneuvering engine (III). In the military community, the tactical operation is understood by the command and control (C2) process; command means to give an order, and control means to ensure the order's correct fulfillment. After execution of the C2, the corresponding physical systems (i.e., the sensor and the maneuver systems) are then fed back to the CL component (IV). This progression is repeated during the overall engagement. In this situation, one of the certain methods to confirm the C2 situation in the modeling world is to check the current dynamic demands, such as sensing or moving behaviors. Finally, as illustrated in the white sectors of Figure 5 , the communication that is necessary between combat entities intensifies the sharing of information regarding the battlefield between them. Guided bombs, target-guided missiles, or wire-guided torpedoes are examples of information-intensified weapons for future warfare.
The combat entity in the real world may contain various physical sub-systems, for example, a weapon launcher, a hull, a shape, or a propulsion power sub-system. In this study, we concentrate on the detection and the maneuver with regard to the cause and effect of the tactical operation. Consequently, the combat entity requires two types of BF components for sensing and moving. These components are based on the model content of the conceptual modeling approach, which is described in the next section.
Conceptual modeling approach
This section proposes the conceptual modeling of a combat entity summarizing all the previous descriptions and additionally explains how to implement conceptual models in different simulation environments. We summarize six key elements for conceptual modeling 8 and our descriptions about how we achieve them in our context in Table 2 .
We have the following three problem situations for conceptual modeling: the joint design; model modification; and collaborative works. Along with these, our modeling objectives are to resolve the problem situations and minimize modeling efforts for various engagement scenarios (i.e., not only for a single scenario but also for the scenario extension). For modeling assumption, we first identify the CL component and then distinguish two BF components, that is, sensing and moving, which have a decisive influence on the CL component.
The content of the conceptual model in this study focuses on how we simply represent and decompose a combat entity based on the model scope and the level of detail. The central idea of decomposition is the breakdown of something too complex to manage as a whole into less complex components. The common criteria for decomposition are object-picking for structural decomposition and information-hiding for functional decomposition. 23 With these criteria, we propose a 2D model partition for conceptual modeling of the combat entity, which is depicted in Figure 6 .
While the engagement scenario is being simulated, the combat entity model performs specifically assigned activities based on the operating rules. The model loops through the following three activities: sensing; deciding; and moving. 4, 24 The model has close relationships among the three component models and conducts activities to communicate with one another. Therefore, the combat entity model is classified into the following three functional sub-models horizontally: a sensor; a controller; and a maneuver submodel. The maneuver and the sensor sub-models correspond to the BF components; the controller sub-model is relevant to the CL component. These imply the model boundaries, or the model scope, of the real system that we include in the conceptual model. Each sub-model hides internal functional details from the external world. It is only influenced by other models through communication interfaces (I/F 2 in Figure 6 ) that produce input/output (I/O) relations. For example, moving result, sensing data, and C2 in Figure 6 are exchanged through the predefined I/F 2 . Accordingly, this feature Two-dimensional (2D) model partition (see Figure 6 ) CL: combat logic; BF: battle function; M&S: modeling and simulation.
leads to enhanced modularity, independence, and encapsulation of the sub-models. In addition, the horizontal classification guarantees simultaneous simulation, for example, perceptions of the battlefield, tactical operations, and dynamic motions are fulfilled at the same time rather than sequentially. 21 Next, we move the focus to the vertical model partition. To be specific, each horizontally classified sub-model is modeled into the following two modeling levels in terms of a layered structure: a task model (TM) layer and an action model (AM) layer. The TM layer represents abstract behavior, and it is suitably employed to describe models macroscopically. For microscopic modeling, we develop the TM layer to represent detailed behavior of the same object. It can be easily understood by linking the TM layer and the flow of the tasks and the AM layer and actions in the CL component. These connections accord with the cases of the BF components (i.e., the sensor and the maneuver sub-models). For example, the TM layer of the sensor sub-model controls I/O messages and converts them to an appropriate task (e.g., transition from the Update task to the Detect task) depending on the current situation; the AM layer accomplishes detailed behaviors for the tasks, such as fulfillment of various sensing algorithms or merging data from the results. If we look at this issue from the viewpoint of collaborative work between modelers and domain experts, the TM layer represented by task transitions is described by modelers, while detailed behaviors for specific tasks are developed by domain experts. Each developed model is integrated and simulated flexibly by specifying communication interfaces (I/F 3 ).
For an engagement simulation, two or more combat entities are needed. Because each combat entity model also interacts with others, we define an external interface (i.e., I/F 1 in Figure 6 ) for communicating between combat entity models. Note that the combat entity model communicates different messages depending on whether the opponent is friend or foe. While the combat entity model exchanges only physical data with the hostile model, it communicates command, control, and communication (C3) data, as well as physical data, with the friendly model.
In summary, the proposed 2D model partition method divides the combat entity model into six groups, and they interconnect with one another through the identified interfaces (i.e., I/F 2 and I/F 3 ). This grouping enables us to reconfigure the overall combat entity model by sharing the same interface within the group, and the same interface becomes the fundamental basis of the flexible model composition. Pidd 25 noted that the one of the most effective approaches for designing a model is to start with the simplest model possible and to gradually add to its level of detail. The proposed vertical layers enable the modeler to model progressively, although the detailed behaviors are not yet fully refined by the domain experts. Finally, for the simulation of various engagement scenarios (i.e., the reflection of alternative tactical rules or application of diverse sonar algorithms), modification of the AM layer occurs more frequently than in the case of the TM layer. Therefore, we adapt various kinetic algorithms or tactical rules more flexibly, thus minimizing the modification of irrelevant component models.
Conceptual models in system of systems engineering
Thus far, we have examined the conceptual model design for combat entities, which is independent of the platform or computer language being used to create the executable model. We now focus on challenges a modeler will face when executing conceptual models in SoS engineering, 26 in particular when implementing them in different simulation environments. As noted, the combat entity is a complex system with independently operable sub-systems, that is, the sensor, the controller, and the maneuver sub-systems. We map these onto the sub-models depending on the model scope in the previous section, and each sub-model can be developed using different platforms or software tools. There are two methods for implementing system models in SoS engineering: these are integration and interoperation methods. 27 The integration method implies that each sub-system communicates and interacts with others, sharing common information to form a unified system, while the interoperation method assumes that each subsystem exchanges information with other sub-systems and performs its tasks autonomously to take better actions for the overall good of the SoS and not just for itself. 28 Figure 7 illustrates two methods within different simulation environments. Approach I in Figure 7 is a conventional integration approach in which a modeler views a complex system as a whole system. In this approach, the model consists of a set of components, each being dependent on the other. Due to tightly hard-coded connections, this approach is rarely flexible in component models and loses the strong points of our model design.
On the contrary, in approaches II and III, the modeler views the system as a SoS, with each sub-system being independent of the others-approach II for integration via predefined interfaces and approach III for interoperation through ambassadors. We can easily observe that the interface-based integration and the interoperation using architectures support localization and flexibility in the change of component models. Well-defined interfaces or 29 test and training enabling architecture (TENA), 30 or service oriented architecture (SOA) 31 are solutions to these challenges.
A concomitant feature of the two methods is that they enable developing the sub-systems with different platforms-different software tools. However, a particular distinction between them is the simulation environment for executing the SoS. The integration method is mostly applied in the centralized simulation environment, which means that the modeler integrates all of the components within a single computer. However, the interoperation method is flexible for simulation environments; that is, it may be applied in the centralized and the distributed simulation environment. Accordingly, these two methods are circumstantially complementary. If component models are developed with different platforms but simulated in a centralized simulation environment, the interface-based integrated method is a good substitute. However, if the distributed simulation is avoidable and data exchanged among the components can be shared within a particular environment, the interoperation method is essential with respect to the independence of the component models.
Case study: naval underwater warfare
We introduce a case study to show how we achieve modeling objectives using the proposed conceptual model. The component operation for the case study is naval underwater warfare, which is one-to-one engagement-namely, a friendly warship versus a hostile submarine.
Engagement scenario
The brief scenario is illustrated in Figure 8 . A friendly warship is attacked by an anti-surface torpedo fired by a hostile submarine. The submarine fires the torpedo at the warship, and the warship operates four decoys with a certain tactical pattern that launches two decoys forward and two decoys backward.
We modeled two types of decoys (i.e., static and mobile) and torpedoes (i.e., pattern-running and wireguided) as outcomes of scenario extensions; the baseline scenario is to employ static decoys and a pattern-running torpedo. As previously stated, our modeling objective is to minimize modeling efforts in a single scenario and in iteratively improved scenarios. With this in mind, we describe the M&S development process from the baseline scenario to the iteratively improved scenarios in the following sections.
Initial model development
The overall model structure for the baseline scenario is illustrated in Figure 9 , which represents the system entity structure (SES) for a structural knowledge representation scheme that systematically organizes a family of possible structures of a system. 2 There are the following three types of nodes in the SES tree: an entity node; a decomposition node; and a specialization node. The entity node of the SES tree represents an entity to be modeled. There are two types of entities: a composite entity is defined in terms of other entities (which may be either atomic or composite), while an atomic entity cannot be broken down into sub-entities.
In Figure 9 , the TM and the AM are atomic entities, while Naval engagement, Experimental frame, and System model, etc., are composite entities. The decomposition node, such as naval_engagement-dec, represents subdivisions of the entity. The children of the entity are also entities. For example, the Combat entity is decomposed by Sensor, Controller, and Maneuver entities. The specialization node, for example, combat_entity-spec in Figure 9 , represents the way in which the entity can be specialized. Accordingly, Combat entities are realized in Warship, Decoy, Submarine, and Torpedo entities in Figure 9 . Finally, multiple entities are represented by connections with triple vertical lines from multiple entities.
Because conceptual modeling specifically identifies the independence of the conceptual model from detailed model design and implementation, our conceptual model can be designed and implemented with various model specifications and simulation tools. This study focuses on conceptual modeling; the detailed model design and implementation in this case study is found in Seo et al.'s study. 19 Figure 10 shows model designs depending on the proposed conceptual modeling. For iteratively improved scenarios, we conduct the following four steps of model development from S1 to S4: S1 for static decoy development; S2 for mobile decoy development; S3 for pattern-running torpedo development; and S4 for wire-guided torpedo development. To provide a straightforward understanding of model development, we show simulation results graphically using SIMDIS, 36 which is illustrated in Figure 11 .
Iterative model development
In the real world, because the advanced platforms/ weapons have very complicated technologies, they are explicitly classified according to different system principles. In the M&S application, however, the platforms/ weapons can be modeled more simply. For example, a diesel submarine is completely different to nuclear submarine in the real world. In the case of M&S applications, however, they can be modeled analogously because their different behaviors are expressed by the modification of partial models and input variables. For the same reason, we can model various combat entities by revising some component models.
As examples of S2 and S3 in Figure 10 , the mobile decoy can be modeled by changing an AM for moving from the original model; the pattern-running torpedo model can be tested for various patterns by adjusting an AM for the tactical pattern. Minimizing the modeling effort during various model developments is our primary goal. As an empirical investigation for modeling efforts, we evaluate two measurements, that is, model composability and reusability, which are explained in the following section.
Measurement indices: model composability and reusability
Balci et al. 16 defined composability and reusability as follows. Composability is the degree to which an artifact is capable of being constituted by combining things, parts, or elements, and reusability is the degree to which an artifact, method, or strategy is capable of being used again or repeatedly.
To provide quantitative measurements of the two terms in our case studies, we evaluate them in the following manner. Model composability is measured by how many times a component model is composed of in the whole model within a single scenario; model reusability is measured by how many existing models are reused when the scenario is improved iteratively. In general, model composability is measured by how many times a model is included in constructing higher composite models; and model reusability corresponds to how many times existing models are reused in the development of new models that are slightly different from the old ones. For example, the composition number of a particular TM within a scenario, such as S1, corresponds to model composability, and the reuse of previous models according to scenario extension from S1 to S2 indicates model reusability. In addition, because conceptual modeling is more similar to compositional reuse technology, which comprises multiple component models to create a larger model than generational reuse technology for the patterns of generating software, 37 we focus on compositional technology, not software technology, in this study. This means that the two measurements have no causal relationship with model execution, that is, how many times a model is called during simulation.
6.4.1. Model composability within a single scenario. In accordance with the overall model structure depicted in Figure 9 , model composability can be measured in the following three layers: a combat entity model layer; a TM layer; and an AM layer. We suggest three measurement indices for model composability, as represented in Table  3 . The scenario for model composability is the baseline scenario-namely, S1.
The terms of the CNCE, the CNTM, and the CNAM in Table 3 refer to how many times a model (i.e., a combat entity model, a TM, and an AM, respectively) is included, or composed, in constructing higher composite models. Because the composition number of each model varies, we evaluate the minimum, the maximum, the median, and the mean values within the same hierarchy.
As one example of Table 3 , the moving behaviors might be similar to all the combat entities except for static decoy models; one AM for a motion equation is reusable in every combat entity model. Therefore, the composition number of the AM (i.e., CNAM) is 3, and this is the maximum value. However, except for the AM for the motion equation, most AMs are unique, and thus their composition numbers are all 1, which is the minimum value. Similar to the case of the AM, the combat entity model is also composed in the Naval engagement in Figure 9 , which is the higher-level model composition. As the warship launches four static decoy systems in S1, the composition number of the decoy model (CNCE) is 4. In fact, the four decoy models are completely identical, although they behave differently according to their initial parameters.
Among the three composition numbers in Table 3 , the CNTM has the greatest mean value, while the CNAM has the minimum value. This indicates that the combat entity model has a well-defined structure divided into common and characterized parts; common parts indicate TMs, and characterized parts correspond to AMs. Therefore, this well-structured model design is the first advantage of our conceptual modeling.
6.4.2.
Model reusability due to scenario extension. Now, we measure model reusability for incrementally developed scenarios. Because the number of overall combat entity models is not changed for overall scenarios from S1 to S4, we measure only the following two types of model reusability: TM reusability and AM reusability. In contrast with composability, model reusability is measured by the relative ratio, not an absolute number. In other words, we use the notation P TM (S2/S1) to represent the conditional probability of model reuse for S2, given that the model has been developed for S1. The following formulas represent conditional probabilities for TM and AM reusability:
Number of TMs reused for scenario S2 Number of total TMs for scenario S1 3 100 P AM (S2jS1) = Number of AMs reused for scenario S2 Number of total AMs for scenario S1 3 100 Table 4 shows the reusability matrix during model development for iteratively improved scenarios from S1 to S4. In the cases of static and mobile decoys and patternrunning torpedo development (i.e., scenario S1-S3), Figure 11 . Simulation visualization for iterative development: from static mobile to wire-guided torpedo model development. because different behaviors are only determined by different actions (i.e., AMs), the TMs are completely identicalthat is, P TM (S2|S1) and P TM (S3|S2) are 100. When the scenario is extended from S3 to S4, some TMs are changed (this is for communication between the submarine and the torpedo for wire guidance). Therefore, P TM (S4|S3) has a lower value than P TM (S2|S1) and P TM (S3|S2). However, AMs are always changed slightly during scenario extension because different behaviors are realized in the AM layer. However, the three values of reusability-P AM (S2|S1), P AM (S3|S2), and P AM (S4|S3)-are greater than 90. Note that all the values in Table 4 are greater than 85, meaning that a modeler requires a modeling effort of less than 15% for iteratively improved scenarios. Thus, the proposed modeling significantly enhances the possibility that he/ she could complete modeling within the required time-scale, which is the second advantage of our conceptual modeling. In addition, in our cases, both physical and logical components can be changed. Finally, these results give the modeler important guidelines for composition and reuse of models.
During the last decade, various combat modeling methods have been studied for combat effectiveness analysis. A typical modeling approach for a combat entity is to integrate all the behaviors and represent it as a whole model. 38 This modeling concept is useful for single simulation due to its modeling simplicity; however, it is not suitable for evolutionary simulations. For example, if we need additional wire-guided torpedo logic for an existing submarine model, the submarine model based on the typical modeling would be totally revised, which causes a large modeling cost. On the contrary, in our modeling approach, only a few divided models regarding the wire-guided logic would be revised.
Discussion
Conceptual modeling establishes a common viewpoint that is essential to develop the detailed model design and model implementation. It specifically addresses understanding the problem and identifying assumptions and simplifications. Synthetically, through Table 5 , we summarize some key facets of conceptual modeling 8 and show how we achieve the facets in this study.
Leaving these facets aside, our conceptual modeling has pragmatically influenced various M&S projects and other simulation studies. Most of all, it has played the significant role of achieving shared understanding with our military clients during the overall process of M&S projects. They do not have enough M&S knowledge, for example, detailed model design or implementation. They are purely interested in what is to be modeled in the outline for the company with effectiveness analysis through 
M&S; thus, it provides a communicative form between clients and modelers.
Furthermore, our conceptual modeling has practically contributed to developing other studies in our M&S team. Firstly, it formed the foundation of the remaining modeling activities 19, 24 after conceptual modeling in engagementlevel military simulation. In these studies, we embodied the proposed conceptual model design in DEVS (Discrete Event Systems Specification)-based modeling and implementation for discrete event simulation. Next, it was utilized in two types of simulations, that is, integrated and interoperable simulations, 32, 33 as described in Section 5. In these studies, our conceptual modeling shows an increase in interoperability, which is taken into consideration for a successful composition of simulation models. 37 Finally, as a case study, it was employed for simulation-based optimization of hybrid systems. 38 In conclusion, our conceptual modeling had a direct effect on other modeling activities or an indirect influence on supporting other M&S studies.
One of the most difficult issues in simulation modeling is determining the role of the conceptual model, which is due to different viewpoints. A typical reason for the difference is what comprises the conceptual model. In this study, a conceptual model describes an abstraction of the simulation model, thereby explaining what will be modeled and not modeled as high-level simulation modeling. 15 Instead, detailed model design (or simulation model design) describes how the conceptual model would be implemented on the computer, specifically including model data, logics, and their formalization.
However, several other researchers would argue that the conceptual model aims to describe a real world, that is, a system of interest, rather than a simulation model, or an abstraction of the model. This view is largely based on conceptual modeling in software engineering. In model driven development (MDD), which is successfully applied in software engineering, source models are transformed into destination models in order to automatically generate the final executable source code during the software development process. 39, 40 The major contribution of the method resides in its ability to automatically generate a fully functional, final software product from a given conceptual schema. 41 Thus, in these studies, the conceptual model tends to cover what is to be modeled, as well as how it behaves in simulation. 11, 42 In this situation, the need to abstract away from the real world is often forgotten, and it is apt to model many things in the conceptual model. Tolk et al. 43 also addressed these different viewpoints and made a similar point by distinguishing reference modeling, which describes a system of interest, from conceptual modeling, which is the foundation for computer simulation.
Whatever the case, conceptual modeling always precedes the design of a simulation model; thus, the proper conceptual model will render the remaining M&S activities more straightforward. In addition, it can be readily understood by all stakeholders in the M&S project. 44 With this in mind, in this study, we provide an illustration of how to develop conceptual modeling for a combat entity on the basis of several practical challenges, and we show how to achieve important characteristics in the M&S discipline, such as composability, reusability, and interoperability.
Conclusion
Due to the increasing complexity and the cost incurred in the development of next-generation combat platforms and weapons, defense M&S techniques have become essential in the development of an entity-level combat system. In this regard, this study targets an entity-level combat system, particularly a combat entity, and proposes conceptual modeling for the target system.
Combat entities bear similar tasks and different actions facing disparate situations; thus, we derive a common modeling structure of the combat entity. We propose a 2D model partition method for a combat entity, which partitions the combat entity depending on the model scope horizontally and the level of detail vertically. The horizontal partition enables the joint design; the vertical partition facilitates collaborative works for different experts. In addition, the proposed method guarantees a flexible model design because it is easily reconfigured in whole or in part by sharing the same interface within the whole models or the components, respectively. In addition, because the proposed conceptual model is based on semantics in the military, this identical expression between modeling and the real world enhances the transparency and credibility of the model.
From the extensive combat model developments, our conceptual model design facilitates the enhancement of model composability and reusability in the process of scenario extensions. In this study, we do not provide experimental analysis for simulations employing as yet undeveloped weapons and untested tactical strategies; this will be addressed in one of our future works.
Because very little has been published on how to develop a conceptual model focusing on entity-level combat M&S, despite vibrant studies for defense M&S, we expect that this work will provide immediate applications in combat warfare suited to various engagement environments.
